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SCIENTIFIC OPINION 
Scientific Opinion on the safety and efficacy of aliphatic and aromatic 
mono- and di-thiols and mono-, di-, tri-, and polysulphides with or without 
additional oxygenated functional groups (chemical group 20) when used as 
flavourings for all animal species
1 
EFSA Panel on Additives and Products or Substances used in Animal Feed (FEEDAP)
2,3 
European Food Safety Authority (EFSA), Parma, Italy 
ABSTRACT 
Chemical group 20 consists of aliphatic and aromatic mono- and di-thiols and mono-, di-, tri-, and polysulphides 
with or without additional oxygenated functional groups, of which 31 are currently authorised for use as flavours 
in food. The FEEDAP Panel was unable to perform an assessment of six compounds (methanethiol, methyl 
propyl  disulphide,  dipropyl  trisulphide,  3-mercaptobutan-2-one,  3-(methylthio)butanal  and  3-methyl-1,2,4-
trithiane) because of issues related to the purity of the compounds. The FEEDAP Panel concludes that  the 
following  25  compounds  are  safe  for  the  target  species  at  the  proposed  maximum  dose  level  (0.05  mg/kg 
complete feed): 3-(methylthio)propionaldehyde, methyl 3-(methylthio)propionate, allylthiol, dimethyl sulphide, 
dibutyl  sulphide,  diallyl  disulphide,  diallyl  trisulphide,  dimethyl  trisulphide,  dipropyl  disulphide,  allyl 
isothiocyanate, dimethyl disulphide, 2-methylbenzene-1-thiol, S-methyl butanethioate, allyl methyl disulphide, 
3-(methylthio)propan-1-ol, 3-(methylthio)hexan-1-ol, 1-propane-1-thiol, diallyl sulphide, 2,4-dithiapentane, 2-
methyl-2-(methyldithio)propanal,  2-methylpropane-1-thiol,  methylsulfinylmethane,  propane-2-thiol,  3,5-
dimethyl-1,2,4-trithiolane and 2-methyl-4-propyl-1,3-oxathiane. No safety concern for the consumer would arise 
from the use of these 25 compounds of CG 20 up to the highest safe level in feedingstuffs for all animal species, 
with the exception of allyl isothiocyanate. Although additional exposure to this substance through its low use 
level in animal feeds would not substantially increase consumer exposure, the FEEDAP Panel notes that the 
estimated exposure of consumers is already higher than the acceptable daily intake (ADI). All compounds should 
be considered irritant to skin, eyes and respiratory tract and as skin sensitisers. The proposed concentration of 
0.05  mg  flavour/kg  feed  is  not  expected  to  cause  detrimental  effects  to  the  environment,  except  for  2-
methylpropane-1-thiol, for which 0.04 mg/kg is expected to be safe. Since all 25 compounds are used in food as 
flavourings and their function is essentially the same as that in food, no further demonstration of efficacy is 
necessary. 
© European Food Safety Authority, 2013 
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SUMMARY 
Following  a  request  from  the  European  Commission,  the  Panel  on  Additives  and  Products  or 
Substances used in Animal Feed (FEEDAP) was asked to deliver a scientific opinion on the safety and 
efficacy  of  32  compounds  (aliphatic  and  aromatic  mono-  and  di-thiols  and  mono-,  di-,  tri-  and 
polysulphides with or without additional oxygenated functional groups belonging to chemical group 
20) when used as flavourings for all animal species. All additives except dimethyl tetrasulphide are 
currently authorised for use as flavours in food and all have been detected in plant materials, fruits and 
processed  foods;  however,  reports  of  their  distribution  vary  greatly.  During  the  assessment,  the 
applicant withdrew the application for dimethyl tetrasulphide. 
The FEEDAP Panel was unable to perform an assessment of six compounds (methanethiol, methyl 
propyl disulphide, dipropyl trisulphide, 3-mercaptobutan-2-one, 3-(methylthio)butanal and 3-methyl-
1,2,4-trithiane) because of issues related to the purity of the compounds. 
The FEEDAP Panel concludes that the following 25 compounds are safe for the target species at the 
proposed maximum dose level (0.05 mg/kg complete feed): 3-(methylthio)propionaldehyde, methyl 3-
(methylthio)propionate,  allylthiol,  dimethyl  sulphide,  dibutyl  sulphide,  diallyl  disulphide,  diallyl 
trisulphide,  dimethyl  trisulphide,  dipropyl  disulphide,  allyl  isothiocyanate,  dimethyl  disulphide,  2-
methylbenzene-1-thiol, S-methyl butanethioate, allyl methyl disulphide, 3-(methylthio)propan-1-ol, 3-
(methylthio)hexan-1-ol,  1-propane-1-thiol,  diallyl  sulphide,  2,4-dithiapentane,  2-methyl-2-
(methyldithio)propanal,  2-methylpropane-1-thiol,  methylsulfinylmethane,  propane-2-thiol,  3,5-
dimethyl-1,2,4-trithiolane and 2-methyl-4-propyl-1,3-oxathiane. 
No safety concern for the consumer would arise from the use of these 25 compounds belonging to CG 
20 up to the highest safe level in feedingstuffs for all animal species, with the exception of allyl 
isothiocyanate. Although additional exposure to this substance through its low use level in animal 
feeds would not substantially increase consumer exposure, the FEEDAP Panel notes that the estimated 
exposure of consumers is already higher than the acceptable daily intake (ADI). 
The FEEDAP Panel considers it prudent to treat all 25 compounds under assessment as irritant to skin, 
eyes and respiratory tract and as skin sensitisers. 
The  proposed  concentration  of  0.05  mg  flavouring  compound/kg  feed  is  not  expected  to  cause 
detrimental effects to the environment, except for 2-methylpropane-1-thiol, for which 0.04 mg/kg is 
expected to be safe. 
Since all 25 compounds are used in food as flavourings, and their function in feed is essentially the 
same as that in food, no further demonstration of efficacy is necessary. Chemical group 20 (CG 20) for all animal species 
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BACKGROUND 
Regulation  (EC)  No  1831/2003
4  establishes the rules governing the Community authorisation of 
additives for use in animal nutrition. In particular, Article 4(1) of that Regulation lays down that any 
person seeking authorisation for a feed additive or for a new use of a feed additive shall submit an 
application in accordance with Article 7; in addition,  Article 10(2) of that Regulation also specifies 
that for existing products within the meaning of Article 10(1), an application shall be submitted in 
accordance with Article 7, at the latest one year bef ore the expiry date of the authorisation given 
pursuant to Directive 70/524/EEC for additives with a limited authorisation period, and within a 
maximum of seven years after the entry into force of this Regulation for additives authorised without 
time limit or pursuant to Directive 82/471/EEC. 
The European Commission received a request from the Feed Flavourings Authorisation Consortium 
European Economic Interest Grouping (FFAC EEIG)
5 for authorisation of the 34 substances listed in 
Table 1 belonging to chemical group 20, aliphatic and aromatic mono- and di-thiols and mono-, di-, 
tri-, and polysulphides with or without additional oxygenated functional groups  to be used as feed 
additives for all animal species (category: sensory additives; functional group: fla vourings) under the 
conditions mentioned in Table 1. 
According  to  Article  7(1)  of  Regulation  (EC)  No  1831/2003,  the  Commission  forwarded  the 
application to the European Food Safety Authority (EFSA) as an application under Article 4(1) 
(authorisation of a feed additive or new use of a feed additive) and under Article 10(2) (re -evaluation 
of an authorised feed additive). EFSA received directly from the applicant the technical dossier in 
support of this application.
6 According to Article 8 of that Regulation,  EFSA, after verifying the 
particulars and documents submitted by the applicant, shall undertake an assessment in order to 
determine whether the feed additive complies with the conditions laid down in Article 5. The 
particulars and documents in support of t he application were  considered valid by EFSA as of  27 
August 2010. 
The additives are listed as food and feed flavourings in the register of Flavouring substances (CD 
217/1999)
7 and in the European Union Register of Feed Additives , respectively. They have not been 
previously assessed by EFSA as feed additives. 
The 34 compounds belonging to CG 20 except  dimethyl tetrasulphide [Flavis number 12.116] have 
been previously assessed by Joint FAO/WHO Expert Committee on Food Additives (JECFA) (WHO, 
2000, 2006). According to Regulation (EC) No 1565/2000,
8 ‘Substances classified by JECFA as to 
present no safety concern at the current levels of intake with the exception of substances which have 
been accepted on the sole basis that their estimated intake is lower than the threshold of concern of 1.5 
µg per person per day, as laid down in the reports of the 46th, 49th, 51st and 53rd JECFA meetings 
need not to be re-evaluated.’ Thirty-two substances were evaluated by JECFA (WHO, 2000) at the 
53rd meeting. Although JECFA concluded that all 32 flavouring substances of CG 20 evaluated were 
of no safety concern when used at current levels of estimated intake, the EFSA Panel on Food Contact 
Materials, Enzymes, Flavourings and Processing Aids (CEF) (EFSA, 2010b, 2011, 2012a) raised a 
concern  for  genotoxicity  for  two  tertiary  thiols,  i.e.  8-mercapto-p-menthan-3-one  [12.038]  and  p-
                                                       
4  
Regulation (EC) No 1831/2003 of the European Parliament and of the Council of 22 September 2003 on additives for use 
in animal nutrition. OJ L 268, 18.10.2003, p. 29. 
5   On
 13/03/2013, EFSA was informed by the applicant that the applicant company changed to FEFANA asbl, Avenue 
Louise 130 A, Box 1, 1050 Brussels, Belgium. 
6   EFSA Dossier reference: FAD-2010-0043. 
7  Commission Implementing Regulation (EU) No  872/2012 of 1 October 2012 adopting the list of  flavouring substances 
provided for by Regulation (EC) No 2232/96 of the European Parliament and of the Council, introducing it in Annex I to 
Regulation (EC) No 1334/2008 of the European Parliament and of the Council and repealing Commission Regulation (EC) 
No 1565/2000 and Commission Decision 1999/217/EC. OJ L 267, 2.10.2012, p. 1. 
8  Commission Regulation (EC) No 1565/2000 of 18 July 2000 laying down the measures necessary for the adoption of an 
evaluation programme in application of Regulation (EC) No 2232/96 of the European Parliament and of the Council. OJ L 
180, 19.7.2000, p. 8. Chemical group 20 (CG 20) for all animal species 
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menth-1-ene-8-thiol [12.085]. Allyl isothiocyanate [12.025] has been assessed by both JECFA (WHO, 
2006)  and  EFSA  (2008a,  2010a)  as  food  flavouring.  Dimethyl  tetrasulphide  [12.116]  has  been 
assessed only by EFSA (2010b, 2011, 2012a).  
The current application has been divided during the course of the assessment, and the present opinion 
concerns only 32 of the compounds. 8-Mercapto-p-menthan-3-one [12.038] and p-menth-1-ene-8-thiol 
[12.085] are currently under assessment by the EFSA CEF Panel and will be assessed in a separate 
opinion.
9, 10 
TERMS OF REFERENCE 
According to Article 8 of Regulation (EC) No 1831/2003, EFSA shall determine whether the feed 
additive complies with the conditions laid down in Article 5. EFSA shall deliver an opinion on the 
safety for the target animals, consumer, user and the environment and the efficacy of the 32 active 
substances 3-(methylthio)propionaldehyde, methyl 3-(methylthio)propionate, methanethiol, allylthiol, 
dimethyl  sulphide,  dibutyl  sulphide,  diallyl  disulphide,  diallyl  trisulphide,  dimethyl  trisulphide, 
dipropyl  disulphide,  methyl  propyl  disulphide,  dipropyl  trisulphide,  allyl  isothiocyanate,  dimethyl 
disulphide,  2-methylbenzene-1-thiol,  S-methyl  butanethioate,  allyl  methyl  disulphide,  3-
mercaptobutan-2-one, 3-(methylthio)butanal, 3-(methylthio)propan-1-ol, 3-(methylthio)hexan-1-ol, 1-
propane-1-thiol,  diallyl  sulphide,  dimethyl  tetrasulphide,  2,4-dithiapentane,  2-methyl-2-
(methyldithio)propanal,  2-methylpropane-1-thiol,  methylsulfinylmethane,  propane-2-thiol,  3,5-
dimethyl-1,2,4-trithiolane, 3-methyl-1,2,4-trithiane, and 2-methyl-4-propyl-1,3-oxathiane, when used 
under the conditions described in Table 1. 
                                                       
9  EFSA-Q- 2013-00325. 
10   In July 2012, the applicant withdrew the application for dimethyl tetrasulphide [12.116]. Chemical group 20 (CG 20) for all animal species 
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Table 1:   Description and conditions of use of the additive as proposed by the applicant 
Additive 
Chemical defined flavourings from Chemical Group 20: 
1-Propane-1-thiol 
2,4-Dithiapentane 
2-Methyl-2-(methyldithio)propanal 
2-Methyl-4-propyl-1,3-oxathiane 
2-Methylbenzene-1-thiol 
2-Methylpropane-1-thiol 
3-(Methylthio)butanal 
3-(Methylthio)hexan-1-ol 
3-(Methylthio)propan-1-ol 
3-(Methylthio)propionaldehyde 
3,5-Dimethyl-1,2,4-trithiolane 
3-Mercaptobutan-2-one 
3-Methyl-1,2,4-trithiane 
8-Mercapto-p-menthan-3-one 
Allyl isothiocyanate 
Allyl methyl disulphide 
Allylthiol 
Diallyl disulphide 
Diallyl sulphide 
Diallyl trisulphide 
Dibutyl sulphide 
Dimethyl disulphide 
Dimethyl sulphide 
Dimethyl tetrasulphide 
Dimethyl trisulphide 
Dipropyl disulphide 
Dipropyl trisulphide 
Methanethiol 
Methyl 3-(methylthio)propionate 
Methyl propyl disulphide 
Methylsulfinylmethane 
p-Menth-1-ene-8-thiol 
Propane-2-thiol 
S-Methyl butanethioate 
Registration number/EC No/No 
(if appropriate)  - 
Category(ies) of additive  2. Sensory additives 
Functional group(s) of additive  b) flavouring compounds 
 
Description 
Composition, description  Chemical 
formula 
Purity criteria 
(if appropriate) 
Method of analysis 
(if appropriate) 
1-Propane-1-thiol  
(CAS No 107-03-9)  C3H8S  97%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
2,4-Dithiapentane  
(CAS No 1618-26-4)  C3H8S2  99%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
2-Methyl-2-(methyldithio)propanal 
(CAS No 67952-60-7)  C5H10OS2  95%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
2-Methyl-4-propyl-1,3-oxathiane 
(CAS No 67715-80-4)  C8H16OS  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
2-Methylbenzene-1-thiol  
(CAS No 137-06-4)  C7H8S  95%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
2-Methylpropane-1-thiol  
(CAS No 513-44-0)  C4H10S  97%  Gas Chromatography – Mass 
Spectrometry (GC-MS) Chemical group 20 (CG 20) for all animal species 
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3-(Methylthio)butanal  
(CAS No 16630-52-7)  C5H10OS  96%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
3-(Methylthio)hexan-1-ol  
(CAS No 51755-66-9)  C7H16OS  97%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
3-(Methylthio)propan-1-ol  
(CAS No 505-10-2)  C4H10OS  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
3-(Methylthio)propionaldehyde 
(CAS No 3268-49-3)  C4H8OS  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
3,5-Dimethyl-1,2,4-trithiolane  
(CAS No 23654-92-4)  C4H8S3 
> 90 SC: Diethyl 
trisulphide, 
Dimethyl 
benzylcarbinol, 
N,N-dimethyl-
ethane thioamide, 
4,6-Dimethyl-
1,2,3,5-
tetracyclohexane, 3-
methyl-1,2,4-
trithiolane, 2-
methyl-4-propyl-
1,3-oxathiane % 
Gas Chromatography – Mass 
Spectrometry (GC-MS) 
3-Mercaptobutan-2-one  
(CAS No 40789-98-8)  C4H8OS  99%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
3-Methyl-1,2,4-trithiane  
(CAS No 43040-01-3)  C4H8S3  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
8-Mercapto-p-menthan-3-one  
(CAS No 38462-22-5)  C10H18OS  97%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Allyl isothiocyanate  
(CAS No 57-06-7)  C4H5NS  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Allyl methyl disulphide  
(CAS No 2179-58-0)  C4H8S2  90%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Allylthiol  
(CAS No 870-23-5)  C3H6S 
75 (min. 98% 
allylthiol + allyl 
sulphide + allyl 
mercaptan)% 
Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Diallyl disulphide  
(CAS No 2179-57-9)  C6H10S2 
80 (min. 95% 
diallyl disulphide + 
allyl sulphide + 
allyl mercaptan)% 
Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Diallyl sulphide  
(CAS No 592-88-1)  C6H10S  97%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Diallyl trisulphide  
(CAS No 2050-87-5)  C6H10S3 
65 (min. 95% allyl 
di-, tri- and tetra-
sulphides)% 
Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Dibutyl sulphide  
(CAS No 544-40-1)  C8H18S  95%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Dimethyl disulphide  
(CAS No 624-92-0)  C2H6S2  97%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Dimethyl sulphide  
(CAS No 75-18-3)  C2H6S  95%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Dimethyl tetrasulphide  
(CAS No 5756-24-1)  C2H6S4  95%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Dimethyl trisulphide  
(CAS No 3658-80-8)  C2H6S3  97%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Dipropyl disulphide  
(CAS No 629-19-6)  C6H14S2  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Dipropyl trisulphide  
(CAS No 6028-61-1)  C6H14S3 
99 (including up to 
15% dipropyl 
disulphide)% 
Gas Chromatography – Mass 
Spectrometry (GC-MS) Chemical group 20 (CG 20) for all animal species 
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Methanethiol  
(CAS No 74-93-1)  CH4S  95%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Methyl 3-(methylthio)propionate 
(CAS No 13532-18-8)  C5H10O2S  97%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Methyl propyl disulphide  
(CAS No 2179-60-4)  C4H10S2  95%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Methylsulfinylmethane  
(CAS No 67-68-5)  C2H6OS  99%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
p-Menth-1-ene-8-thiol  
(CAS No 71159-90-5)  C10H18S  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
Propane-2-thiol  
(CAS No 75-33-2)  C3H8S  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
S-Methyl butanethioate  
(CAS No 2432-51-1)  C5H10OS  98%  Gas Chromatography – Mass 
Spectrometry (GC-MS) 
 
Trade name  - 
Name of the holder of 
authorisation  - 
 
Conditions of use 
Species or 
category of 
animal 
Maximum Age 
Minimum content  Maximum content  Withdrawal 
period  mg/kg of complete feedingstuffs  
All species 
and 
categories 
-  -  -  - 
 
Other provisions and additional requirements for the labelling 
Specific  conditions  or  restrictions 
for use  - 
Specific  conditions  or  restrictions 
for handling  All feedingstuffs and water for drinking, as part of a premixture only 
Post-market monitoring   - 
Specific  conditions  for  use  in 
complementary feedingstuffs   - 
 
Maximum Residue Limit (MRL) 
Marker residue  Species or category of 
animal 
Target tissue(s) or 
food products 
Maximum content 
in tissues 
-  -  -  - Chemical group 20 (CG 20) for all animal species 
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ASSESSMENT 
1.  Introduction 
Chemical Group (CG) 20 for flavouring substances is defined in Commission Regulation (EC) No 
1565/2000
11 as ‘aliphatic and aromatic mono- and di-thiols and mono-, di-, tri-, and polysulphides 
with  or  without  additional  oxygenated  functional  groups’.  The  present  application  concerns  34 
compounds which can be assigned to this CG. Some of the flavours included in this assessment are 
present  in  vegetables  (mainly  in  onion,  garlic  and  different  kind  of  cabbage)  and  fruits  (mango, 
passion fruit); however, reports of their distribution vary greatly. 
Thirty-two substances belonging to CG 20 (all except allyl isothiocyanate [Flavis number 12.025] and 
dimethyl  tetrasulphide  [12.116]  were  evaluated  by  Joint  FAO/WHO  Expert  Committee  on  Food 
Additives (JECFA) at the 53rd meeting (WHO, 2000) and considered safe for use in food without 
limits. According to Regulation (EC) No 1565/2000,
9 ‘Substances classified by JECFA as to present 
no safety concern at the current levels of intake with the exception of substances which have been 
accepted on the sole basis that their estimated intake is lower than the threshold of concern of 1.5 µg 
per person per day, as laid down in the reports of the 46th, 49th, 51st and 53rd JECFA meetings need 
not  to  be  re-evaluated.’  Although  JECFA  concluded  that  all  32  flavouring  substances  of  CG  20 
evaluated were of no safety concern when used at current levels of estimated intake, the EFSA Panel 
on Food Contact Materials, Enzymes, Flavourings and Processing Aids (CEF) (EFSA, 2010b, 2011, 
2012a) raised a concern about the genotoxicity of two tertiary thiols, 8-mercapto-p-menthan-3-one 
[12.038]  and  p-menth-1-ene-8-thiol  [12.085].  The  FEEDAP  Panel  will  also  not  proceed  with  an 
assessment of these two compounds until this issue has been resolved. 
EFSA could not conclude on the safety of dimethyl tetrasulphide [12.116] because of the lack of 
adequate  toxicity  studies  from  which  a  no  observed  adverse  effect  level  (NOAEL)  could  be 
established  (EFSA,  2010b,  2011,  2012a).  The  34  compounds  except  dimethyl  tetrasulphide  are 
currently listed in the European Union database of flavouring substances and thus authorised for use in 
food in  the  European  Union.
12  During the assessment, the applicant withdrew the application for 
dimethyl tetrasulphide. 
Having excluded from the assessment 8-mercapto-p-menthan-3-one [12.038)], p-menth-1-ene-8-thiol 
[12.085] and dimethyl tetrasulphide [12.116], the 31 remaining compounds are considered safe for use 
in food and are the subject of this opinion. 
Allyl  isothiocyanate  [12.025]  has  been  evaluated  by  JECFA  (WHO,  2006)  under  ‘Miscellaneous 
nitrogen-containing  substances’  and  considered  safe  for  use  in  food  without  limit.  Subsequently, 
EFSA evaluated allyl isothiocyanate with similar conclusions (EFSA, 2008a, 2010a). 
Depending on the type of sulphur-containing functional groups, 30 of the 31 flavouring substances of 
the  CG  20  are  allocated  into  7  out  of  11  subgroups,  as  reported  by  EFSA  CEF  Panel  (2012a). 
Specifically, the seven subgroups are: 
  Subgroup  I.  Acyclic  sulphides  (nine  substances):  3-(methylthio)propionaldehyde  [12.001], 
methyl  3-(methylthio)propionate  [12.002],  dimethyl  sulphide  [12.006],  dibutyl  sulphide 
[12.007],  3-(methylthio)butanal  [12.056],  3-(methylthio)propan-1-ol  [12.062],  3-
(methylthio)hexan-1-ol [12.063], diallyl sulphide [12.088], and 2,4-dithiapentane [12.118]. 
                                                       
11   Commission Regulation (EC) No 1565/2000 of 18 July 2000 laying down the measures necessary for the adoption of an 
evaluation programme in application of Regulation (EC) No 2232/96 of the European Parliament and of the Council. OJ L 
180, 19.7.2000, p. 8. 
12   OJ L 267, 2.10.2012, p. 1. Chemical group 20 (CG 20) for all animal species 
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  Subgroup III. Monothiols (seven substances): methanethiol [12.003], allylthiol [12.004], 2-
methylbenzene-1-thiol [12.027], 3-mercaptobutan-2-one [12.047], 1-propane-1-thiol [12.071], 
2-methylpropane-1-thiol [12.173], and propane-2-thiol [12.197]. 
  Subgroup  V.  Acyclic  and  cyclic  disulphides  (six  substances):  diallyl  disulphide  [12.008], 
dipropyl  disulphide  [12.014],  methyl  propyl  disulphide  [12.019],  dimethyl  disulphide 
[12.026], allyl methyl disulphide [12.037], and 2-methyl-2-(methyldithio)propanal [12.168]. 
  Subgroup VI. Acyclic polysulphides (three substances): diallyl trisulphide [12.009], dimethyl 
trisulphide [12.013], and dipropyl trisulphide [12.023]. 
  Subgroup VII. Mono, di-, tri- and polysulphides with thioacetal structure (three substances): 
3,5-dimethyl-1,2,4-trithiolane  [15.025],  3-methyl-1,2,4-trithiane  [15.036],  and  2-methyl-4-
propyl-1,3-oxathiane [16.030]. 
  Subgroup VIII. Thioesters (one substance): S-methyl butanethioate [12.032]. 
  Subgroup X. Sulphoxides/sulphones and sulphonates (one substance): methylsulfinylmethane 
[12.175]. 
A  consortium  of  companies  (FFAC)  supplying  flavouring  substances  to  the  feed  industry  has 
requested authorisation for the use of the substances listed in Table 2 as additives to feed and water for 
drinking (category: sensory additives, flavouring compounds) for use in all animal species. 
Regulation (EC) No 429/2008
13 allows substances already approved for use in human food to be 
assessed with a more limited procedure than for other feed additives. However, the use of this 
procedure is always subject to the condition that food safety assessment is relevant to the use in feed. 
2.  Characterisation 
2.1.  Characterisation of the flavouring additives 
The  molecular  structures  of  the  31  additives  under  application  are  shown  in  Figure  1  and  their 
physico-chemical characteristics are summarised in Table 2. 
3-(Methylthio)propionaldehyde 
[12.001] 
 
 
 
3-(Methylthio)propionaldehyde 
[12.002] 
 
Methanethiol [12.003] 
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13   Commission Regulation (EC) No 429/2008 of 25 April 2008 on detailed rules for the implementation of Regulation (EC) 
No  1831/2003  of  the  European  Parliament  and  of  the  Council  as  regards  the  preparation  and  the  presentation  of 
applications and the assessment and the authorisation of feed additives. OJ L 133, 22.5.2008, p. 1. Chemical group 20 (CG 20) for all animal species 
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Allyl isothiocyanate [12.025] 
 
Dimethyl disulphide [12.026] 
 
2-Methylbenzene-1-thiol [12.027] 
 
S-Methyl butanethioate [12.032] 
 
Allyl methyl disulphide [12.037] 
 
3-Mercaptobutan-2-one [12.047] 
 
3-(Methylthio)butanal [12.056] 
 
3-(Methylthio)propan-1-ol [12.062] 
 
3-(Methylthio)hexan-1-ol 
[12.063] 
 
1-Propane-1-thiol [12.071] 
 
 
 
Diallyl sulphide [12.088] 
 
 
2,4-Dithiapentane [12.118] 
 
 
2-Methyl-2-(methyldithio) 
propanal [12.168] 
 
2-Methylpropane-1-thiol 
[12.173] 
 
Methylsulfinylmethane 
[12.175] 
 
Propane-2-thiol 
[12.197] 
 
     
3,5-Dimethyl-1,2,4-trithiolane 
[15.025] 
 
3-Methyl-1,2,4-trithiane [15.036] 
 
2-Methyl-4-propyl-1,3-oxathiane 
[16.030] 
 
Figure 1:   Molecular structures and Flavis numbers (in square brackets) of 31 flavourings in CG 20 Chemical group 20 (CG 20) for all animal species 
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Table 2:   Chemically defined flavourings in CG 20 under application 
EU Register name  CAS No  Flavis 
No 
Molecular 
formula 
Molecular 
weight 
Physical 
status 
Log 
Kow 
3-(Methylthio)propionaldehyde  3268-49-3  12.001  C4H8OS  104.17  Liquid  0.41* 
Methyl 3-(methylthio)propionate  13532-18-8  12.002  C5H10O2S  134.19  Liquid  0.95* 
Methanethiol  74-93-1  12.003  CH4S  48.1  Gas  0.78 
Allylthiol  870-23-5  12.004  C3H6S  74.14  Liquid  1.62 
Dimethyl sulphide  75-18-3  12.006  C2H6S  62.14  Liquid  0.92 
Dibutyl sulphide  544-40-1  12.007  C8H18S  146.29  Liquid  3.78 
Diallyl disulphide  2179-57-9  12.008  C6H10S  146.27  Liquid  3.56* 
Diallyl trisulphide  2050-87-5  12.009  C6H10S3  178.33  Liquid  3.56* 
Dimethyl trisulphide  3658-80-8  12.013  C2H6S3  126.26  Liquid  1.87* 
Dipropyl disulphide  629-19-6  12.014  C6H14S2  150. 3  Liquid  3.84 
Methyl propyl disulphide  2179-60-4  12.019  C4H10S2  122.24  Liquid  2.86* 
Dipropyl trisulphide  6028-61-1  12.023  C6H14S3  182.36  Liquid  3.84* 
Allyl isothiocyanate  57-06-7  12.025  C4H5NS  99.15  Liquid  2.15 
Dimethyl disulphide  624-92-0  12.026  C2H6S2  94.19  Liquid  1.77 
2-Methylbenzene-1-thiol  137-06-4  12.027  C7H8S  124.2  Liquid  3.23 
S-Methyl butanethioate  2432-51-1  12.032  C5H10OS  118.19  Liquid  1.21* 
Allyl methyl disulphide  2179-58-0  12.037  C4H8S2  120.23  Liquid  2.72* 
3-Mercaptobutan-2-one  40789-98-8  12.047  C4H8OS  104.17  Liquid  0.13* 
3-(Methylthio)butanal  16630-52-7  12.056  C5H10OS  118.19  Liquid  0.82* 
3-(Methylthio)propan-1-ol  505-10-2  12.062  C4H10OS  106.18  Liquid  0.44* 
3-(Methylthio)hexan-1-ol  51755-66-9  12.063  C7H16OS  148.26  Liquid  1.84* 
1-Propane-1-thiol  107-03-9  12.071  C3H8S  76.16  Liquid  1.81 
Diallyl sulphide  592-88-1  12.088  C6H10S  114.21  Liquid  2.61 
2,4-Dithiapentane  1618-26-4  12.118  C3H8S2  108.22  Liquid  1.8 
2-Methyl-2-
(methyldithio)propanal 
67952-60-7  12.168  C5H10OS2  150.27  Liquid  1.75* 
2-Methylpropane-1-thiol  513-44-0  12.173  C4H10S  90.19  Liquid  2.18 
Methylsulfinylmethane  67-68-5  12.175  C2H6OS  78.13  Liquid  -1.35 
Propane-2-thiol  75-33-2  12.197  C3H8S  76.16  Liquid  1.68 
3,5-Dimethyl-1,2,4-trithiolane  23654-92-4  15.025  C4H8S3  152.29  Liquid  2.19* 
3-Methyl-1,2,4-trithiane  43040-01-3  15.036  C4H8S3  152.29  Liquid  2.27* 
2-Methyl-4-propyl-1,3-oxathiane  67715-80-4  16.030  C8H16OS  160.28  Liquid  2.35* 
* Generated from Epi-Suite 4.01. 
CAS, Chemical Abstracts Service. 
All substances are produced by chemical synthesis. The various routes of synthesis are described in 
the dossier.
14  
Data were provided on the batch-to-batch variation in five batches of each additive with the exception 
of diallyl trisulphide [12.009], for which one batch was available, as well as 3-mercaptobutan-2-one 
[12.047] and 2-methylpropane-1-thiol [12.173], for which three batches were available, owing to the 
low production volume.
15 Because of the very  low production and use level , the FEEDAP Panel 
considered that, in the case of diallyl trisulphide, analysis of only one batch can be accepted. Since no 
data were provided by the applicant on the purity of 3 -(methylthio)butanal [12.056], the FEEDAP 
Panel was unable to carry out an assessment of this compound. Methanethiol [12.003] is specified as 
an aqueous solution containing a minimum of 1 % of the compound. This description does not allow 
the setting of a specification or the extrapolation of consumer s afety assessments of methanethiol to 
this product. Consequently, the additive is excluded from further consideration. 
                                                       
14   Technical dossiers/Section II. 
15   Technical dossiers/Section II/Annex 2.1 and Supplementary Information May 2011. Chemical group 20 (CG 20) for all animal species 
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For  the  majority  of  the  compounds  the  content  of  the  active  substances  exceeded  the  JECFA 
specifications (FAO, 2006) (Table 3). One batch of methyl propyl disulphide [12.019] and dipropyl 
trisulphide  [12.023]),  two  batches  of  3-mercaptobutan-2-one  [12.047]  and  three  batches  of  3,5-
dimethyl-1,2,4-trithiolane  [15.025]  and  3-methyl-1,2,4-trithiane  [15.036]  exceeded  JECFA 
specifications. The remaining batches were characterised by lower purity (‘reflecting the use from 
industry’ in the case of methyl propyl disulphide). This description does not allow the setting of 
specification or the extrapolation of consumer safety assessments of these substances. Consequently, 
all these additives, except 3,5-dimethyl-1,2,4-trithiolane [15.025] whose average purity was close to 
the JECFA specification and was exceeded by three batches, are excluded from further consideration. 
Table 3:   Identification of the substances and data on purity 
EU Register name  Flavis No  JECFA specification 
(%)* 
Assay (%) 
Average  Range 
3-(Methylthio)propionaldehyde  12.001  98  99.4  98.2–99.9 
Methyl 3-(methylthio)propionate  12.002  97  99.8  99.2–100 
Methanethiol  12.003  95  1.02
a  0.95–1.12 
Allylthiol  12.004  75
b  95.5  92.7–98.3 
Dimethyl sulphide  12.006  95  99.9  99.7–100 
Dibutyl sulphide  12.007  95  99.5  98.0–100 
Diallyl disulphide  12.008  80
c  98.4  97.9–98.6 
Diallyl trisulphide  12.009  65
c  99.6  99.6 
Dimethyl trisulphide  12.013  97  99.5  99.0–99.7 
Dipropyl disulphide  12.014  98  99.2  98.1–99.9 
Methyl propyl disulphide  12.019  95
d  90.6  85.1–96.6 
Dipropyl trisulphide  12.023  99
e  96.8  92.9–99.4 
Allyl isothiocyanate  12.025  98  99.97  99.9–100 
Dimethyl disulphide  12.026  97  99.5  97.6–100 
2-Methylbenzene-1-thiol  12.027  95  99.3  98.4–99.7 
S-Methyl butanethioate  12.032  98  99.5  98.8–99.9 
Allyl methyl disulphide  12.037  90  96.0  93.9–98.2 
3-Mercaptobutan-2-one  12.047  99  98.4  95.9–100 
3-(Methylthio)butanal  12.056  96  –  – 
3-(Methylthio)propan-1-ol  12.062  98  99.1  98.0–99.7 
3-(Methylthio)hexan-1-ol  12.063  97  99.9  99.6–100 
1-Propane-1-thiol  12.071  97  99.5  99.3–99.6 
Diallyl sulphide  12.088  97  99.9  99.8–100 
2,4-Dithiapentane  12.118  99  99.8  99.6–100 
2-Methyl-2-
(methyldithio)propanal 
12.168  95  98.1  97.7–98.9 
2-Methylpropane-1-thiol  12.173  97  98.3  97.5–99.3 
Methylsulfinylmethane  12.175  99  99.8  99.2–99.9 
Propane-2-thiol  12.197  98  99.3  98.7–99.7 
3,5-Dimethyl-1,2,4-trithiolane  15.025  >90
f  89.8  81.1–94.9 
3-Methyl-1,2,4-trithiane  15.036  98  96.7  94.5–98.7 
2-Methyl-4-propyl-1,3-oxathiane  16.030  98  99.9  99.9–100 
a The product is a solution (1 % in ethanol). 
b Minimum 98 % allylthiol + allyl sulphide + allyl mercaptan. 
c Minimum 95 % diallyl disulphide+ allyl sulphide + allyl mercaptan. 
d Specification of the industry have a minimum assay 80-100 %. 
e Minimum 99 % including up to 15 % dipropyl disulphide. 
f  Secondary  components  (SC):  diethyl  trisulphide,  dimethylbenzylcarbinol,  N,N-dimethyl-ethanethioamide,  4,6-dimethyl-
1,2,3,5-tetracyclohexane, 3-methyl-1,2,4-trithiolane, 2-methyl-4-propyl 1,3-oxathiane. 
* FAO, 2006. 
Potential contaminants are considered as part of the product specification and are monitored as part of 
the  Hazard  Analysis  and  Critical  Control  Point  (HACCP)  procedure  applied  by  all  consortium Chemical group 20 (CG 20) for all animal species 
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members. The parameters considered include residual solvents, heavy metals and other undesirable 
substances. 
2.2.  Stability and homogeneity 
With the exception of the compounds for which the shelf-life is stated to be six months (methyl 3-
(methylthio)propionate [12.002] and 2,4-dithiapentane [12.118]) and nine months (allyl isothiocyanate 
[12.025]), the minimum shelf-life for the remaining 22 compounds under assessment ranges from 12 
to 60 months, when stored in closed containers under recommended conditions (in a cool and dry 
place).  This  assessment  is  made  on  the  basis  of  compliance  with  the  original  specification  after 
storage. 
Although no data are required for the stability of volatile additives in premixes and feed, use in water 
for drinking introduces other issues relating to product stability, such as degradation due to microbial 
activity. The FEEDAP Panel notes that 11 out of 25 compounds in CG 20 have low water solubility 
(Log Kow > 2; Table 2), which makes it difficult to assess the safety in water for drinking. As no data 
on the short-term stability of the additive in water for drinking were provided, the FEEDAP Panel is 
not in the position to comment on this route of administration. 
2.3.  Conditions of use  
The applicant proposes the use of the 25 additives in feed or water for drinking for all animal species 
without withdrawal. In each case the applicant proposes a normal use level of 0.01 mg/kg and a high 
use level of 0.05 mg/kg complete feed. No specific proposals are made for the doses used in water for 
drinking. 
2.4.  Evaluation of the analytical methods by the European Union Reference Laboratory 
(EURL) 
EFSA has verified the EURL report as it relates to the methods used for the control of chemically 
defined flavourings from group 20 – Aliphatic and aromatic mono- and di-thiols and mono-, di-, tri-, 
and polysulphides with or without additional oxygenated functional groups – in animal feed. The 
Executive Summary of the EURL report can be found in Appendix A. 
3.  Safety 
The  assessment  of  safety  is  based  on  the  high  use  level  proposed  by  the  applicant  (0.05  mg/kg 
complete feed for all compounds). 
3.1.  Safety for the target species 
The first approach to the safety assessment for target species takes account of the applied use levels in 
animal feed relative to the maximum reported exposure of humans on the basis of the metabolic body 
weight (mbw). The data for human exposure in the EU (EFSA, 2008a, 2012a) range between 0.0012 
and 1282 µg/person per day, corresponding to 0.000006 and 59.5 µg/mbw (kg
0.75) per day. Table 4 
summarises the result of the comparison with human exposure for representative target animals. The 
body weight of target animals is taken from the default values shown in Table 5. Chemical group 20 (CG 20) for all animal species 
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Table 4:   Comparison  of exposure of  humans and target  animals  (calculated  from  the  proposed 
maximum feed concentration of 0.05 mg/kg feed) to the flavourings under application  
Flavouring  Flavis 
No 
Human exposure  
(µg/mbw (kg
0.75) per day)
a 
Target animal exposure  
(µg/mbw (kg
0.75) per day) 
Salmon  Piglet  Dairy 
cow 
3-(Methylthio)propionaldehyde  12.001  1.29  1.18  5.26  7.77 
Methyl 3-(methylthio)propionate  12.002  4.36  1.18  5.26  7.77 
Allylthiol  12.004  0.007  1.18  5.26  7.77 
Dimethyl sulphide  12.006  17.63  1.18  5.26  7.77 
Dibutyl sulphide  12.007  0.11  1.18  5.26  7.77 
Diallyl disulphide  12.008  2.69  1.18  5.26  7.77 
Diallyl trisulphide   12.009  0.16  1.18  5.26  7.77 
Dimethyl trisulphide  12.013  0.05  1.18  5.26  7.77 
Dipropyl disulphide  12.014  0.16  1.18  5.26  7.77 
Allyl isothiocyanate   12.025  59.5  1.18  5.26  7.77 
Dimethyl disulphide  12.026  0.32  1.18  5.26  7.77 
2-Methylbenzene-1-thiol  12.027  0.79  1.18  5.26  7.77 
S-Methyl butanethioate  12.032  0.13  1.18  5.26  7.77 
Allyl methyl disulphide   12.037  5.56   10
–6  1.18  5.26  7.77 
3-(Methylthio)propan-1-ol  12.062  0.13  1.18  5.26  7.77 
3-(Methylthio)hexan-1-ol  12.063  0.15  1.18  5.26  7.77 
1-Propane-1-thiol  12.071  0.10  1.18  5.26  7.77 
Diallyl sulphide   12.088  0.02
b  1.18  5.26  7.77 
2,4-Dithiapentane  12.118  4.36
b  1.18  5.26  7.77 
2-Methyl-2-
(methyldithio)propanal 
12.168  0.09
b  1.18  5.26  7.77 
2-Methylpropane-1-thiol  12.173  0.06
b  1.18  5.26  7.77 
Methylsulfinylmethane  12.175  0.00005
b  1.18  5.26  7.77 
Propane-2-thiol  12.197  0.02
c  1.18  5.26  7.77 
3,5-Dimethyl-1,2,4-trithiolane   15.025  0.001  1.18  5.26  7.77 
2-Methyl-4-propyl-1,3-oxathiane   16.030  0.06  1.18  5.26  7.77 
a Metabolic body weight (kg
0.75) for a 60-kg person = 21.6. 
b Exposure based on US intake as reported by JECFA (WHO, 2000). 
c Exposure based on EU intake as reported by JECFA (WHO, 2000). 
The data in Table 4 show that, for most of the compounds, the intake by the target animals exceeds 
that of humans, resulting from use in food. For two compounds (dimethyl sulphide [12.006] and allyl 
isothiocyanate [12.025]) human exposure exceeds that of the proposed animal exposure. For three 
compounds,  (methyl  3-(methylthio)propionate  [12.002],  diallyl  disulphide  [12.008]  and  2,4-
dithiapentane  [12.118])  the  proposed  highest  animal  exposure  is  similar  to  human  exposure.  The 
FEEDAP Panel therefore concludes that these five compounds are also safe for the target species at 
the  proposed  maximum  dose  level.  Moreover,  human  intake  of  3-(methylthio)propionaldehyde 
[12.001] is of the same order of magnitude as that in animals resulting from the proposed use level. 
Because of its relatively abundant occurrence in plant materials (see Table 6), this flavouring is also 
considered safe at the proposed use level. 
For the remaining compounds, the maximum feed concentration which can be considered safe for the 
target animals can be derived from the lowest NOAEL when suitable data are available. Toxicological 
data (subchronic, repeated-dose studies) could be found for only one of the 19 remaining compounds. 
For  methylsulfinylmethane  ([12.175],  also  known  as  dimethylsulfoxide  (DMSO))  a  NOAEL  of  1 
mL/kg body weight (bw) per day (corresponding to 1 100 mg/kg bw per day) was identified in a 18-
month study in rats (50 males, 50 females; administration route: oral gavage as 50 % (v/v) aqueous Chemical group 20 (CG 20) for all animal species 
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solution, five days a week; doses: equivalent to 1, 3, 9 mL undiluted DMSO/kg bw per day, the control 
group received 9 mL of water). Body weight gain in rats receiving 1 mL DMSO/kg bw per day was 
similar  to  that  of  control  rats,  whereas  rats  receiving  higher  doses  (3  and  9  mL/kg  bw  per  day) 
exhibited reduced body weight gain. Moreover, haemoglobin and packed cell volume values were 
reduced in male rats receiving 9 mL/kg bw per day (Noel et al., 1975). A NOAEL of 1 000 mg/kg bw 
per day was derived from a developmental study with methylsulfinylmethane in female pregnant rats 
(doses: 0, 50, 500 or 1000 mg/kg bw per day; administration route: gavage on gestation days 6–20). 
No adverse effects were observed up to the highest dose tested in dams and fetuses (Magnusson et al., 
2007). 
Applying a safety factor of 100 to the NOAEL (1000 mg/kg bw per day), the maximum safe intake for 
different  target  species  was  derived  for  methylsulfinylmethane  following  the  EFSA  Guidance  for 
sensory  additives  (EFSA,  2012b),  and  thus  the  maximum  safe  feed  concentration  was  calculated 
(Table 5). 
Table 5:   Maximum  safe  concentration  in  feed  for  different  target  animals  for 
methylsulfinylmethane 
Target animal  Default values  Maximum safe intake/feed concentration 
Body weight 
(kg) 
Feed intake 
(g/day) 
Intake (mg/day)  Concentration 
(mg/kg feed) 
Salmonids  2  40  20  500 
Veal calves (milk replacer)   100  2 000  1 000  500 
Cattle for fattening   400  8 000  4 000  500 
Pigs for fattening   100  3 000  1 000  333 
Sows   200  6 000  2 000  333 
Dairy cows   650  20 000  6 500  325 
Turkeys for fattening   12  400  120  300 
Piglets   20  1 000  200  200 
Chickens for fattening   2  120  20  167 
Laying hens   2  120  20  167 
Dogs  15  250  150  600 
Cats  3  60  30  500 
 
Since individual reliable NOAELs could not be found for the remaining 18 compounds, the threshold 
of toxicological concern (TTC) approach was followed to derive the maximum safe feed concentration 
(EFSA, 2012b). 
For Cramer Class I compounds, i.e. dibutyl sulphide [12.007], dipropyl disulphide [12.014], dimethyl 
disulphide  [12.026],  S-methyl  butanethioate  [12.032],  3-(methylthio)propan-1-ol  [12.062],  3-
(methylthio)hexan-1-ol  [12.063],  1-propane-1-thiol  [12.071],  2-methyl-2-(methyldithio)propanal 
[12.168], 2-methylpropane-1-thiol [12.173] and propane-2-thiol [12.197], the calculated safe use level 
is  1.5  mg/kg  complete  feed  for  cattle,  salmonids  and  non-food-producing  animals  and  1  mg/kg 
complete feed for pigs and poultry. 
For  Cramer  Class  II  compounds,  i.e.  allylthiol  [12.004],  diallyl  trisulphide  [12.009],  dimethyl 
trisulphide  [12.013],  2-methylbenzene-1-thiol  [12.027],  allyl  methyl  disulphide  [12.037],  diallyl 
sulphide  [12.088],  3,5-dimethyl-1,2,4-trithiolane  [15.025]  and  2-methyl-4-propyl-1,3-oxathiane 
[16.030], the calculated safe use level is 0.5 mg/kg complete feed for cattle, salmonids and non-food-
producing animals and 0.3 mg/kg complete feed for pigs and poultry. 
3.1.1.  Conclusions on the safety for the target species 
The FEEDAP Panel concludes that: Chemical group 20 (CG 20) for all animal species 
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  3-(Methylthio)propionaldehyde [12.001], methyl 3-(methylthio)propionate [12.002], dimethyl 
sulphide  [12.006],  diallyl  disulphide  [12.008],  allyl  isothiocyanate  [12.025]  and  2,4-
dithiapentane [12.118] are safe for the target species at the proposed maximum dose level 
(0.05 mg/kg feed), as the human exposure exceeds or is similar to that of the proposed animal 
exposure. 
  Methylsulfinylmethane [12.175] is safe at the proposed maximum dose level (0.05 mg/kg 
feed), with a margin of safety ranging from 3340- to 12000-fold. 
  For  the  10compounds  belonging  to  Cramer  Class  I,  dibutyl  sulphide  [12.007],  dipropyl 
disulphide[12.014],  dimethyl  disulphide  [12.026],  S-methyl  butanethioate  [12.032],  3-
(methylthio)propan-1-ol[12.062],  3-(methylthio)hexan-1-ol  [12.063],  1-propane-1-
thiol[12.071], 2-methyl-2-(methyldithio)propanal [12.168], 2-methylpropane-1-thiol [12.173] 
and propane-2-thiol [12.197], the maximum proposed dose level (0.05 mg /kg feed) is safe for 
all animal species with a margin of safety in the range of 20- to 30-fold. 
  For the eight compounds belonging to Cramer Class II, allylthiol [12.004], diallyl trisulphide 
[12.009],  dimethyl  trisulphide[12.013],  2-methylbenzene-1-thiol[12.027],  allyl  methyl 
disulphide[12.037], diallyl sulphide [12.088], 3,5-dimethyl-1,2,4-trithiolane [15.025] and 2-
methyl-4-propyl-1,3-oxathiane [16.030], the maximum proposed dose level (0.05 mg /kg feed) 
is safe for all animal species with a margin of safety in the range of 6- to 10-fold. 
3.2.  Safety for the consumer 
The safety for the consumer of all 25 substances under assessment in CG 20 used as food flavours has 
already been assessed by JECFA (WHO, 2000, 2006) and EFSA (2008a, 2010a, 2011, 2012a). All 
compounds are currently authorised as food additives without limitations. Specifically, 24 flavouring 
substances were evaluated at the 53rd meeting of JECFA in the group ‘Simple aliphatic and aromatic 
sulphides  and  thiols’  (WHO,  2000),  while  allyl  isothiocyanate  [12.025]  was  evaluated  under 
‘Miscellaneous nitrogen-containing substances’ by JECFA (WHO, 2006) and EFSA (2008a, 2010a). 
All 24 of the sulphur-containing substances evaluated by JECFA (WHO, 2000) are of low relative 
molecular mass and are sufficiently lipophilic to be absorbed from the intestine. These flavouring 
agents are metabolised via many different pathways in mammals, including one or several of the 
following:  S-oxidation,  reductions,  carbon–sulphur  bond  formation  and/or  fission,  oxidative 
desulphuration, oxidative dealkylation, S-methylation, conjugation with glutathione and/or glucuronic 
acid and hydrolysis. The expected metabolic reactions in laboratory animals of these 24 substances 
have been extensively reviewed by EFSA CEF Panel (2012a). More details on the metabolism can be 
found in Appendix B.  
Many substances, such as thiols and disulphides, are able to form disulphide bonds with endogenous 
thiols. Disulphides formed after reaction with cysteine could be excreted in the urine as the xenobiotic 
conjugate cysteine disulphide, whereas formation of disulphides with endogenous macromolecules 
would delay elimination and could result in effects such as enzyme inhibition (WHO, 2000). 
Potential toxicity can be deduced by comparison with structural analogues on the basis of metabolic 
similarities. In the absence of information on the toxicity of structural analogues, however, it is not 
possible to conclude a priori that the substances are metabolised to innocuous products (WHO, 2000) 
(see also Appendix B). However, considering the very low use levels of these flavouring compounds 
in feed and the capacity of animals to detoxify them by enzymatic pathways, e.g. by conjugation with 
endogenous compounds, the probability of forming metabolites of safety concern is expected to be 
low. 
The flavouring substance allyl isothiocyanate [12.025] was evaluated by JECFA (WHO, 2006) and 
EFSA  (2008a,  2010a).  The  metabolism  of  this  substance  in  mammalian  organisms  has  been Chemical group 20 (CG 20) for all animal species 
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extensively reviewed by JECFA (WHO, 2006). In general, isothiocyanates are readily absorbed and 
distributed to all the main tissues in rodents, peak concentrations in tissues being achieved two to eight 
hours after dosing (WHO, 2006). Moreover, isothiocyanates, including allyl isothiocyanate, are readily 
cleared from rat and mouse tissues, so that, within 24 hours after administration, less than 5 % of the 
total dose is retained in tissues (EFSA, 2010a). 
JECFA (WHO, 2006) and the EFSA Panel on Food Additives, Flavourings, Processing Aids and 
Materials in Contact with Food (AFC) (EFSA, 2008a) considered that the use of allyl isothiocyanate 
would  not  raise  safety  concerns  at  the  estimated  level  of  intake  as  flavouring,  based  on  toxicity 
reported in a two-year study in rats (NTP, 1982) and estimated consumer exposure. Subsequently, the 
EFSA Scientific Panel on Additives and Nutrient Sources added to Food (ANS) provided a scientific 
opinion on the safety of allyl isothiocyanate when used as a food additive (preservative) (EFSA, 
2010a). The ANS Panel considered the same long-term study in rats to be the pivotal study and a dose 
of 12 mg/kg bw per day as the low observed adverse effect level (LOAEL) (corresponding to a daily 
dose of 9 mg/kg bw per day when adjusted from the five-day dosing week to a seven-day week). In 
order to  cover  uncertainties resulting  from  the extrapolation from  this  LOAEL  to  a  NOAEL  and 
uncertainties  related  to  the  absence  of  data  on  reproductive  toxicity,  the  ANS  Panel  applied  an 
uncertainty factor of 5 over and above the factor of 100 which would normally be applied. Thus, the 
Panel derived an acceptable daily intake (ADI) of 0.018 mg/kg bw per day, which was rounded up to 
0.02 mg/kg bw per day, based on the LOAEL of 9 mg/kg bw per day derived for transitional cell 
papillomas of the urinary bladder observed in the carcinogenicity study in male rats and applying an 
uncertainty factor of 500. In support of this assessment, a recent 13-week study in rats (Hasumura et 
al., 2011) determined the NOAEL of allyl isothiocyanate to be 9.4 and 8.0 mg/kg bw per day for males 
and females, respectively. At higher doses, papillary/nodular hyperplasia of bladder mucosa, as well as 
reduced  body  weight,  increased  blood  urea  nitrogen  and  reduced  blood  total  cholesterol,  were 
observed in females and/or males.  
In its opinion on the safety of allyl isothiocyanate, the ANS Panel (EFSA, 2010a) calculated the mean 
daily total combined exposure from all sources (natural occurrence in food, use as a flavouring and 
application as an antispoilage agent). Total exposure was estimated to 49.6–84.2 and 26.7–53.8 μg/kg 
bw per day for children and adults, respectively. The 95th percentile intake was estimated to be 59.3–
104.3 μg/kg bw per day for children and 31.7–155.5 μg/kg bw per day for adults. Thus, total consumer 
exposure to allyl isothiocyanate was estimated to exceed the ADI in children by two- to four-fold and 
the 95th percentile in adult consumers by up to eight-fold. 
Additional  exposure  to  allyl  isothiocyanate  through  its  low  use  level  in  animal  feeds  would  not 
substantially increase consumer exposure. However, the FEEDAP Panel notes that exposure of some 
consumers is already higher than the ADI allocated for allyl isothiocyanate. 
Studies of metabolism of compounds belonging to CG 20 (aliphatic and aromatic mono- and di-thiols 
and mono-, di-, tri-, and polysulphides with or without additional oxygenated functional groups) in 
animals other than rats are lacking in the scientific literature. Physiologically, the livers of fish are 
responsible for the same basic metabolic functions as in mammals, including processing and storage of 
nutrients,  the  synthesis  of  enzymes  and  other  cofactors,  bile  formation  and  excretion,  and  the 
metabolism  of  xenobiotic  compounds.  Fish  have  analogous  mechanisms  for  handling  xenobiotic 
compounds, including both phase 1 and phase 2 biotransformation reactions, and many of the same 
microsomal and cytosolic enzymes as mammals (Wolf and Wolfe, 2005). Thus, fish can biotransform 
endobiotic and xenobiotic compounds through oxidation or hydroxylation, conjugate the metabolites 
to polar substrates through sulphate, glucuronide, glutathione and amino acids conjugation (James and 
Pritchard, 1987) and eliminate them from the body via bile or urine (Di Giulio and Hinton, 2008). 
Biotransformation  through  oxidation  followed  by  conjugation  with  glucuronic  acid,  sulphate  and 
glycine  has  also  been  reported  for  birds  (Pan  and  Fouts,  1978).  A  recent  study  showed  that  the 
principal  CYP450  enzymes  responsible  for  oxidation  of  xenobiotics,  as  well  as  glutathione 
transferases,  are present in the liver of chickens (Blevins et al., 2012). In mammals, oxidation is 
ubiquitous and phase 2 conjugation via glucuronidation, sulphation or addition of glycine has been Chemical group 20 (CG 20) for all animal species 
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reported to occur in mammals, although the predominance of one pathway over another varies by 
animal species (Gupta, 2007). Data collected in a review by Ioannides (2006) show that the CYP450 
enzymes responsible for the majority of oxidation reactions are expressed in the liver of the main 
food-producing animals (cattle, pig, sheep, goat) as well as in the rabbit and broiler chick (Nebbia et 
al., 2003). Reductases to reduce carbonyl groups in xenobiotics were also found in farm animals, 
namely cattle, pig, sheep and goat (Szotáková et al., 2004). Thiol S-methyltransferase was shown to be 
distributed in several rat tissues (Weisinger et al., 1980) and expressed in pig liver (Tegtmeier and 
Brunner, 1983). Therefore, food-producing animals, including fish and birds, can also be assumed to 
have the ability to metabolise and excrete the flavouring substances from CG 20. 
3.2.1.  Conclusions on the safety for the consumer  
The FEEDAP Panel concludes that the use of the following 24 substances belonging to CG 20 is safe 
for the consumer if used at the maximum safe use level in animal feed (0.05 mg/kg complete feed): 3-
(methylthio)propionaldehyde [ 12.001], methyl 3-(methylthio)propionate [12.002], allylthiol [12.004], 
dimethyl sulphide [12.006], dibutyl sulphide [12.007], diallyl disulphide [12.008], diallyl trisulphide 
[12.009], dimethyl trisulphide [12.013], dipropyl disulphide [12.014], dimethyl disulphide [12.026], 2-
methylbenzene-1-thiol [12.027], S-methyl butanethioate [12.032], allyl methyl disulphide [12.037], 3-
(methylthio)propan-1-ol  [12.062],  3-(methylthio)hexan-1-ol  [12.063],  1-propane-1-thiol  [12.071], 
diallyl sulphide [12.088], 2,4-dithiapentane [12.118], 2-methyl-2-(methyldithio)propanal [12.168], 2-
methylpropane-1-thiol  [12.173],  methylsulfinylmethane  [12.175],  propane-2-thiol  [12.197],  3,5-
dimethyl-1,2,4-trithiolane [15.025] and 2-methyl-4-propyl-1,3-oxathiane [16.030]. 
Although additional exposure to allyl isothiocyanate [12.025] through its low use level in animal feeds 
would not substantially increase consumer exposure, the FEEDAP Panel notes that estimated exposure 
for consumers is already higher than the ADI. 
3.3.  Safety for the user 
No data on the safety for the user were provided. In the material safety data sheets,
16 16 out of the 25 
compounds are recognised as hazardous in the event of skin and eye contact or respiratory exposure. 
Thirteen compounds are classified as irritant to eyes and/or skin (dibutyl sulphide [ 12.007], diallyl 
disulphide [12.008], dimethyl trisulphide [12.013], allyl isothiocyanate [12.025], 2-methylbenzene-1-
thiol  [12.027],  S-methyl  butanethioate  [12.032],  allyl  methyl  disulphide  [12.037],  3-
(methylthio)propan-1-ol [12.062], 3-(methylthio)hexan-1-ol [12.063], diallyl sulphide [12.088], 2,4-
dithiapentane  [12.118],  2-methylpropane-1-thiol  [12.173]  and  propane-2-thiol  [12.197]).  For  four 
compounds (3-(methylthio)propionaldehyde [12.001], dimethyl sulphide [12.006], 2-methylbenzene-
1-thiol  [12.027]  and  1-propane-1-thiol  [12.071])  the  risk  of  serious  damage  to  eyes  is  reported. 
Fourteen  compounds  (dimethyl  sulphide  [12.006],  dibutyl  sulphide  [12.007],  diallyl  disulphide 
[12.008],  dimethyl  trisulphide  [12.013],  allyl  isothiocyanate  [12.025],  2-methylbenzene-1-thiol 
[12.027], S-methyl butanethioate [12.032], 3-(methylthio)propan-1-ol [12.062], 3-(methylthio)hexan-
1-ol  [12.063],  1-propane-1-thiol  [12.071],  diallyl  sulphide [12.088],  2,4-dithiapentane  [12.118],  2-
methylpropane-1-thiol  [12.173]  and  propane-2-thiol  [12.197])  are  identified  as  ‘irritating  to  the 
respiratory system’. For the remaining substances, no hazards are identified, probably because the 
substances have not yet been tested. 
The FEEDAP Panel considers it prudent to treat all compounds under assessment as irritant to skin, 
eyes and respiratory tract, and as skin sensitisers. 
3.4.  Safety for the environment  
According to the EFSA guidance for assessing the safety of feed additives for the environment (EFSA, 
2008b), a stepwise approach can be used to assess the safety for the environment. The additions of 
naturally occurring substances that will not result in a substantial increase of the concentration in the 
                                                       
16 Technical dossier/Section II/Annex II.3. Chemical group 20 (CG 20) for all animal species 
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environment  are  exempt  from  further  assessment.  Only  six  substances,  i.e.  dibutyl  sulphide,  2-
methylbenzene-1-thiol,  2-methyl-2-(methyldithio)propanal,  2-methylpropane-1-thiol,  3,5-dimethyl-
1,2,4-trithiolane  and  2-methyl-4-propyl-1,3-oxathiane  (bolded  in  Table  6),  do  not  occur  in  the 
environment at levels above the application rate of 0.05 mg/kg feed. 
Table 6:   Highest reported natural occurrence of flavourings of group CG 20 in the EU environment 
EU Register name  CAS No  Flavis No  Occurrence* 
17 
(mg/kg plant 
material) 
3-(Methylthio)propionaldehyde  3268-49-3  12.001  39 
Methyl 3-(methylthio)propionate  13532-18-8  12.002  0.6 
Allylthiol  870-23-5  12.004  3880 
Dimethyl sulphide  75-18-3  12.006  19 
Dibutyl sulphide  544-40-1  12.007  0.0039 
Diallyl disulphide  2179-57-9  12.008  679 
Diallyl trisulphide  2050-87-5  12.009  697 
Dimethyl trisulphide  3658-80-8  12.013  47.5 
Dipropyl disulphide  629-19-6  12.014  19.9 
Allyl isothiocyanate  57-06-7  12.025  9585 
Dimethyl disulphide  624-92-0  12.026  27 
2-Methylbenzene-1-thiol  137-06-4  12.027  Detected 
S-Methyl butanethioate  2432-51-1  12.032  2.02 
Allyl methyl disulphide  2179-58-0  12.037  72.4 
3-(Methylthio)propan-1-ol  505-10-2  12.062  58 
3-(Methylthio)hexan-1-ol  51755-66-9  12.063  71 
1-Propane-1-thiol  107-03-9  12.071  20.5 
Diallyl sulphide  592-88-1  12.088  73 
2,4-Dithiapentane  1618-26-4  12.118  2.3 
2-Methyl-2-(methyldithio)propanal  67952-60-7  12.168  Detected 
2-Methylpropane-1-thiol  513-44-0  12.173  Detected 
Methylsulfinylmethane  67-68-5  12.175  16 
Propane-2-thiol  75-33-2  12.197  44.7 
3,5-Dimethyl-1,2,4-trithiolane  23654-92-4  15.025  Detected 
2-Methyl-4-propyl-1,3-oxathiane  67715-80-4  16.030  Detected 
* The bold values are below the maximal use level of 0.05 mg/kg feed. 
These six substances are assessed subsequently in a  predicted environmental concentration (PEC) 
calculation  for  soil  (PEC  soil)  arising  from  the  application  rate  of  0.05  mg/kg  feed.  When  the 
calculations are performed according to the EFSA (2008b) guidance with a fixed concentration in 
feed, there is a fixed order of PEC soil from each species. In the initial calculation of the PEC soil, 
only soil- and animal-dependent constants, but no substance-dependent constants, are used. An initial 
phase I calculation of EFSA (2008b) guidance assumes that all substances are excreted completely in 
manure. The differences in feed intake and nitrogen excretion yield a fixed sequence at a given dose. 
This sequence is lambs for fattening, pigs for fattening, sheep and goats, veal calves, dairy cows, cattle 
for fattening, sows (with piglets), broilers, laying hens and turkeys. Table 7 shows the PEC soil for 
lambs,  since  they  give  the  highest  PEC  soil  values.  The  value  of  1.07  µg/kg  is  well  below  the 
threshold of 10 µg/kg (EFSA, 2008b). The PEC for porewater, however, is dependent on the sorption, 
which is different for each compound. For these calculations, the substance-dependent constants Koc 
(organic  carbon  sorption  constant),  MW  (molecular  weight),  VP  (vapour  pressure)  and  SOL 
(solubility) are needed. These were estimated from the SMILES (Simplified Molecular Input Line 
Entry Specification) notation of the chemical structure using EPIWEB 4.1.
18 This program was also 
                                                       
17  Technical dossier/Supplementary information/June 2011. 
18   Available online: http://www.epa.gov/opptintr/exposure/pubs/episuitedl.htm. Chemical group 20 (CG 20) for all animal species 
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used to derive the SMILES notation from the CAS numbers, which were provided by the applicant. 
The Koc value derived from the first-order molecular connectivity index was used, as recommended by 
the EPIWEB program. The half-life was calculated using BioWin3 (Ultimate Survey Model), which 
gives a rating number. This rating number r was translated into a half-life using the formula by Arnot 
et al. (2005): 
Half-life = 10
y 
where y = (–r  1.07 + 4.12). 
The y is the general regression used to derive estimates of aerobic environmental biodegradation half-
lives from BioWin3 model output. Since the r values of this chemical group were all above 2.5, the 
plateau values were very similar to the initial values when calculated according to EFSA (2008b) 
guidance. This indicates that the biodegradation is expected to be rapid enough to avoid accumulation 
in soil.  
The five substances shown in bold in Table 7 have a PEC porewater above 0.1 µg/L and are, therefore, 
subjected to a phase II risk assessment. 
Table 7:   PEC values of the flavourings of CG 20 under application 
EU Register name  CAS No  Flavis 
No 
PEC soil 
(µg/kg) 
PEC 
porewater 
(µg/L) 
Dibutyl sulphide  544-40-1  12.007  1.07  0.0752 
2-Methylbenzene-1-thiol  137-06-4  12.027  1.07  0.1551 
2-Methyl-2-(methyldithio)propanal  67952-60-7  12.168  1.07  4.2244 
2-Methylpropane-1-thiol  513-44-0  12.173  1.07  0.8815 
3,5-Dimethyl-1,2,4-trithiolane  23654-92-4  15.025  1.07  0.2843 
2-Methyl-4-propyl-1,3-oxathiane  67715-80-4  16.030  1.07  0.3321 
* The bold values are above the allowed porewater concentration of 0.1 µg/L for lambs being the most sensitive species. For 
salmon the maximal use level should be below 0.047 mg/kg feed for all compounds. 
In the absence of experimental data, the phase II risk assessment was performed using ECOSAR v1.1, 
which estimates the half-maximal effective concentration (EC50) for fish, algae and Daphnia from the 
SMILES notation of the substance. The lowest EC50 value for each substance is shown in Table 8. 
This value was generally the EC50 for algae, except for 2-methyl-2-(methyldithio)propanal, with a 
value  of  11.663  µg/L  predicted  for  fish.  The  decimal  places  in  the  reported  EC50  do  not  reflect 
accuracy or precision of the values and are merely a result of the theoretical calculations. The EC50 
values divided by a safety factor of 1 000 were higher than the PEC values from Table 7, except for 2-
methylpropane-1-thiol (Table 8). For this substance the application rate of 0.05 mg/kg feed gives a 
PEC of 0.2938 µg/L, which is slightly higher than EC50/1 000 = 0.239 µg/L. If an inclusion level of 
0.0407 mg/kg feed were used, the corresponding PEC would be 0.239 µg/L. The question remains 
whether the change from 0.05 to 0.04 is meaningful considering the large uncertainties embedded in 
the toxicity prediction. The lower inclusion level for 2-methylpropane-1-thiol of 0.04 mg/kg would 
apply only for lambs because their contribution to the immission is higher. Chemical group 20 (CG 20) for all animal species 
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Table 8:   Modelled EC50 values of the flavourings of CG 20 under application 
EU Register name  CAS No  Flavis 
No 
Estimated  
Log Kow 
Predicted* EC50  
(mg/L) 
PEC**  
(µg/L) 
2-Methylbenzene-1-thiol  137-06-4  12.027  3.23  0.136  0.0517 
2-Methyl-2-(methyldithio)propanal  67952-60-7  12.168  1.75  11.663  1.4081 
2-Methylpropane-1-thiol  513-44-0  12.173  2.18  0.239  0.2938 
3,5-Dimethyl-1,2,4-trithiolane  23654-92-4  15.025  2.19  38.989  0.0948 
2-Methyl-4-propyl-1,3-oxathiane  67715-80-4  16.030  2.35  31.894  0.1107 
*   The lowest EC50 values for fish, Daphnia and algae were calculated using ECOSAR v1.1 (based on CAS numbers). 
**  The allowed feed concentrations in mg/kg feed were calculated from the EC50 values using a safety factor of 1 000. For 
example, 0.0407 mg 2-methylpropane-1-thiol/kg feed leads to a concentration of 0.239 µg/L in groundwater. 
3.4.1.  Conclusions on the safety for the environment 
The proposed concentration of 0.05 mg flavouring compound/kg feed is unlikely to have detrimental 
effects on the environment, except for 2-methylpropane-1-thiol [12.173], for which 0.04 mg/kg is 
expected to be safe. 
4.  Efficacy 
Since all 25 compounds are used in food as flavourings, and their function in feed is essentially the 
same as that in food, no further demonstration of efficacy is necessary. 
CONCLUSIONS  
The  FEEDAP  Panel  was  unable  to  perform  an  assessment  of  the  following  six  compounds: 
methanethiol  [12.003],  methyl  propyl  disulphide  [12.019],  dipropyl  trisulphide  [12.023],  3-
mercaptobutan-2-one [12.047], 3-(methylthio)butanal [12.056] and 3-methyl-1,2,4-trithiane [15.036], 
because of issues related to the purity of the compounds.  
The FEEDAP Panel concludes that the following 25 compounds are safe for the target species at the 
proposed maximum dose level (0.05 mg/kg complete feed): 3-(methylthio)propionaldehyde [12.001], 
methyl  3-(methylthio)propionate  [12.002],  allylthiol  [12.004],  dimethyl  sulphide  [12.006],  dibutyl 
sulphide  [12.007],  diallyl  disulphide  [12.008],  diallyl  trisulphide  [12.009],  dimethyl  trisulphide 
[12.013], dipropyl disulphide [12.014], allyl isothiocyanate [12.025], dimethyl disulphide [12.026], 2-
methylbenzene-1-thiol [12.027], S-methyl butanethioate [12.032], allyl methyl disulphide [12.037], 3-
(methylthio)propan-1-ol  [12.062],  3-(methylthio)hexan-1-ol  [12.063],  1-propane-1-thiol  [12.071], 
diallyl sulphide [12.088], 2,4-dithiapentane [12.118], 2-methyl-2-(methyldithio)propanal [12.168], 2-
methylpropane-1-thiol  [12.173],  methylsulfinylmethane  [12.175],  propane-2-thiol  [12.197],  3,5-
dimethyl-1,2,4-trithiolane [15.025] and 2-methyl-4-propyl-1,3-oxathiane [16.030]. 
No safety concern for the consumer would arise from the use of the 25 compounds belonging to CG 
20 up to the highest safe level in feedingstuffs for all animal species except allyl isothiocyanate [ 
12.025]. Although additional exposure to this substance through its low use level in animal feeds 
would  not  substantially  increase  consumer  exposure,  the  FEEDAP  Panel  notes  that  the  estimated 
exposure of consumers is already higher than the ADI. 
The FEEDAP Panel considers it prudent to treat all compounds under assessment as irritant to skin, 
eyes and respiratory tract, and as skin sensitisers. 
The  proposed  concentration  of  0.05  mg  flavouring  compound/kg  feed  is  not  expected  to  have 
detrimental effects on the environment, except for 2-methylpropane-1-thiol [12.173], for which 0.04 
mg/kg is expected to be safe. Chemical group 20 (CG 20) for all animal species 
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Since the 25 compounds are used in food as flavourings, and their function in feed is essentially the 
same as that in food, no further demonstration of efficacy is necessary. 
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1.  Chemically defined flavourings from Flavouring Group 20 – Aliphatic and aromatic mono- and 
di-thiols  and  mono-,  di-,  tri-,  and  polysulphides  with  or  without  additional  oxygenated 
functional  groups  (CDG  20).  June  2010.  Submitted  by  Feed  Flavourings  Authorisation 
Consortium European Economic Interest Grouping (FFAC EEIG). 
2.  Chemically defined flavourings from Flavouring Group 20 – Aliphatic and aromatic mono- and 
di-thiols  and  mono-,  di-,  tri-,  and  polysulphides  with  or  without  additional  oxygenated 
functional  groups  (CDG  20).  Supplementary  information.  June  2011.  Submitted  by  Feed 
Flavourings Authorisation Consortium European Economic Interest Grouping (FFAC EEIG). 
3.  Chemically defined flavourings from Flavouring Group 20 – Aliphatic and aromatic mono- and 
di-thiols  and  mono-,  di-,  tri-,  and  polysulphides  with  or  without  additional  oxygenated 
functional  groups  (CDG  20).  Supplementary  information.  May  2012.  Submitted  by  Feed 
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Flavourings Authorisation Consortium European Economic Interest Grouping (FFAC EEIG). 
5.  Chemically defined flavourings from Flavouring Group 20 – Aliphatic and aromatic mono- and 
di-thiols  and  mono-,  di-,  tri-,  and  polysulphides  with  or  without  additional  oxygenated 
functional groups (CDG 20). Supplementary information. January 2013. Submitted by Feed 
Flavourings Authorisation Consortium European Economic Interest Grouping (FFAC EEIG). 
6.  Evaluation  report  of  the  European  Union  Reference  Laboratory  for  Feed  Additives  on  the 
methods(s) of analysis for Chemically Defined Flavourings – Group 20 (CDG 20 – Aliphatic 
and  aromatic  mono-  and  di-thiols  and  mono-,  di-,  tri-,  and  polysulphides  with  or  without 
additional oxygenated functional groups). 
7.  Comments from Member States received through the ScienceNet. 
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APPENDICES 
APPENDIX A  
Executive Summary of the Evaluation Report of the European Union Reference Laboratory for 
Feed Additives on the Method(s) of Analysis for Chemically Defined Flavourings – Group 20 
(CDG20, Aliphatic and aromatic mono- and di- thiols and mono-, di-, tri-, and polysulphides 
with or without additional oxygenated functional groups)
19 
The Chemically Defined Flavourings - Group 20 (Aliphatic and aromatic mono- and di- thiols and 
mono-, di-, tri-, and polysulphides with or without additional oxygenated functional groups), in this 
application comprises 34 substances, for which authorisation as feed additives is sought under the 
category  "sensory  additives",  functional  group  2(b)  "flavouring  compounds",  according  to  the 
classification system of Annex I of Regulation (EC) No 1831/2003. 
In the current application submitted according to Article 4(1) and Article 10 (2) of Regulation (EC) No 
1831/2003, the authorisation for all species and categories is requested. The flavouring compounds of 
interest have a purity ranging from 90% to 99%. 
Mixtures of flavouring compounds are intended to be incorporated only into feedingstuffs or drinking 
water.  The  Applicant  suggested  no  minimum  or  maximum  levels  for  the  different  flavouring 
compounds in feedingstuffs. 
For  the  identification  of  volatile  chemically  defined  flavouring  compounds  CDG20  in  the  feed 
additive, the Applicant submitted a qualitative multi-analyte gas-chromatography mass-spectrometry 
(GC-MS) method, using Retention Time Locking (RTL), which allows a close match of retention 
times on GC-MS. By making an adjustment to the inlet pressure, the retention times can be closely 
matched to those of a reference chromatogram. It is then possible to screen samples for the presence of 
target compounds  using  a  mass  spectral  database  of  RTL  spectra. The  Applicant  maintained two 
FLAVOR2 databases/libraries (for retention times and for MS spectra) containing data for more than 
409 flavouring compounds. These libraries were provided to the EURL. The Applicant provided the 
typical chromatogram for the CDG20 of interest. 
In order to demonstrate the transferability of the proposed analytical method (relevant for the method 
verification), the Applicant prepared a model mixture of flavouring compounds on a solid carrier to be 
identified by two independent expert laboratories. This mixture contained twenty chemically defined 
flavourings  belonging  to  twenty  different  chemical  groups  to  represent  the  whole  spectrum  of 
compounds in use as feed flavourings with respect to their volatility and polarity. Both laboratories 
properly  identified  all  the  flavouring  compounds  in  all  the  formulations.  Since  the  substances  of 
CDG20  are  within  the  volatility  and  polarity  range  of  the  model  mixture  tested,  the  Applicant 
concluded that the proposed analytical method is suitable to determine qualitatively the presence of the 
substances from CDG20 in the mixture of flavouring compounds. 
Based on the satisfactory experimental evidence provided, the EURL recommends for official control 
for  the  qualitative  identification  in  the  feed  additive  of  the  individual  (or  mixture  of)  flavouring 
compounds of interest listed in Table 1 (*) the GC-MS-RTL (Agilent specific) method submitted by 
the Applicant. 
As  no  experimental  data  were  provided  by  the  Applicant  for  the  identification  of  the  active 
substance(s) in feedingstuffs and water, no methods could be evaluated. Therefore the EURL is unable 
to recommend a method for the official control to identify the active substance(s) of interest listed in 
Table 1 (*) in feedingstuffs or water. 
                                                       
19   The full report is available on the EURL website: 
  http://irmm.jrc.ec.europa.eu/SiteCollectionDocuments/FinRep-FAD-2010-0043.pdf Chemical group 20 (CG 20) for all animal species 
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Further  testing  or  validation  of  the  methods to  be performed  through  the consortium  of  National 
Reference Laboratories as specified by Article 10 (Commission Regulation (EC) No 378/2005) is not 
considered necessary. 
(*) Full list provided in EURL evaluation report, available from the EURL website. Chemical group 20 (CG 20) for all animal species 
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APPENDIX B 
Metabolism 
Depending on the type of sulphur-containing functional groups, 33 of the 34 flavouring substances of 
CG 20 are allocated into 7 of 11 subgroups, as reported by EFSA’s CEF Panel (2012). Specifically, 
the seven subgroups are: 
  Subgroup  I.  Acyclic  sulphides  (nine  substances):  3-(methylthio)propionaldehyde  [Flavis 
number  12.001],  methyl  3-(methylthio)propionate  [12.002],  dimethyl  sulphide  [12.006], 
dibutyl  sulphide  [12.007],  3-(methylthio)butanal  [12.056],  3-(methylthio)propan-1-ol 
[12.062], 3-(methylthio)hexan-1-ol [12.063], diallyl sulphide [12.088], and 2,4-dithiapentane 
[12.118]. 
  Subgroup  III.  Monothiols  (nine  substances):  methanethiol  [12.003],  allylthiol  [12.004],  2-
methylbenzene-1-thiol  [12.027],  8-mercapto-p-menthan-3-one  [12.038],  3-mercaptobutan-2-
one [12.047], 1-propane-1-thiol [12.071], p-menth-1-ene-8-thiol [12.085], 2-methylpropane-1-
thiol [12.173], and propane-2-thiol [12.197]. 
  Subgroup  V.  Acyclic  and  cyclic  disulphides  (six  substances):  diallyl  disulphide  [12.008], 
dipropyl  disulphide  [12.014],  methyl  propyl  disulphide  [12.019],  dimethyl  disulphide 
[12.026], allyl methyl disulphide [12.037], and 2-methyl-2-(methyldithio)propanal [12.168]. 
  Subgroup VI. Acyclic polysulphides (four substances): diallyl trisulphide [12.009], dimethyl 
trisulphide [12.013], dipropyl trisulphide [12.023], and dimethyl tetrasulphide [12.116]. 
  Subgroup VII. Mono, di-, tri- and polysulphides with thioacetal structure (three substances): 
3,5-dimethyl-1,2,4-trithiolane  [15.025],  3-methyl-1,2,4-trithiane  [15.036],  and  2-methyl-4-
propyl-1,3-oxathiane [16.030]. 
  Subgroup VIII. Thioesters (one substance): S-methyl butanethioate [12.032]. 
  Subgroup X. Sulphoxides/sulphones and sulphonates (one substance): methylsulfinylmethane 
[12.175]. 
Thirty-two of the 34 sulphur-containing substances of CG 20 evaluated by JECFA (WHO, 2000), as 
well as dimethyl tetrasulphide [12.116] evaluated by EFSA (2010a, 2011, 2012), are of low relative 
molecular mass and are sufficiently lipophilic to be absorbed from the intestine. These flavouring 
agents  would  be  metabolised  via  many  different  pathways.  As  metabolism  will  usually  result  in 
increased  polarity  and  a  greater  likelihood  of  excretion,  these  substances  are  not  expected  to 
accumulate in the body. Many substances, such as thiols and disulphides, can form disulphide bonds 
with  endogenous  thiols.  Disulphides  formed  with  cysteine  could  be  excreted  in  the  urine  as  the 
xenobiotic cysteine disulphide, whereas formation of disulphides with endogenous macromolecules 
would delay elimination and could result in effects such as enzyme inhibition (WHO, 2000). 
Potential toxicity can be deduced by comparison with structural analogues on the basis of metabolic 
similarities. In the absence of information on the toxicity of structural analogues, however, it is not 
possible to conclude a priori that the substances are metabolised to innocuous products (WHO, 2000). 
The general metabolic reactions that these 33 substances may be expected to undergo, and which are 
discussed below, are one or several of the following (EFSA, 2012): 
  S-oxidation 
  reductions 
  carbon–sulphur bond formation and/or fission 
  oxidative desulphuration Chemical group 20 (CG 20) for all animal species 
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  oxidative dealkylation 
  S-methylation 
  conjugation with glutathione and/or glucuronic acid 
  hydrolysis. 
Subgroup I (Acyclic sulphides) and Subgroup X (Sulphoxides/sulphones and sulphonates) 
Acyclic and cyclic (subgroup II) monosulphides (thioethers) primarily undergo S-oxidation, catalysed 
by cytochrome P450 and flavin-containing mono-oxygenases (FMOs), leading to the formation of 
sulphoxides, which can be further oxidised, at least partially, to sulphones (EFSA, 2012). Sulphoxides 
and  sulphones  are  hydrophilic  and  usually  chemically  stable.  Sulphoxides  are  the  major  urinary 
excretion products in mammals exposed to thioethers, whereas the quantity of sulphones is generally 
low. The S-oxidation of sulphoxides to sulphones is an irreversible reaction, whereas reduction of the 
sulphoxides back to sulphides is a common route of metabolism. 
The oxygenated derivatives of sulphides, in addition to being metabolised via the above-described 
pathways, may be detoxified via the well-recognised biotransformations of alcohol, aldehyde, acid and 
ketone functional groups (EFSA, 2012). Even if oxygen-containing functional groups are also present 
in the organosulphur compounds, S-oxidation is generally reported to be the major metabolic pathway. 
Subgroup III (Monothiols) 
Thiols may follow a combination of pathways including S-oxidation, oxidative desulphuration and 
dealkylation, alkylation and conjugation with glutathione (GSH) and/or glucuronic acid (EFSA, 2012). 
The majority of thiols are readily ionised at physiological pH to the nucleophilic thiolate anion, giving 
rise to their reactivity. Thiols may form mixed disulphides, which react with endogenous thiols present 
either in small hydrophilic molecules (i.e. GSH or cysteine, resulting in products easily excreted in the 
urine) or in cellular macromolecules, for instance in the catalytic site of many enzymes, leading to 
adverse  effects.  Among  conjugating  reactions,  thiol  S-methylation,  catalysed  by  thiol-S-
methyltransferases, is a quite common pathway of biotransformation for simple aliphatic and aromatic 
thiols,  followed  by  S-oxygenation  to  water-soluble  methyl-sulphoxides  and/or  sulphones. 
Alternatively, thiols are enzymatically oxidised to reactive unstable sulphenic (R-S-OH) acid, which 
can be further oxidised to sulphinic (R-SO2H) acid or react with excess thiol (preferentially GSH), 
yielding  the  corresponding  disulphide.  These  substances  can  either  be  reduced  back  to  thiols 
(enzymatically by thioltransferase or chemically by exchange with GSH or endogenous thiols) or 
oxidised to thiosulphinic acid, which is hydrolysed to sulphinic acid and further oxidised to sulphonic 
(R-SO3H) acid. This oxidation cycle followed by reduction could eventually deplete glycogen, as a 
result of NADPH production, deplete GSH and alter the cellular redox status. This condition has been 
associated, at least partially, with toxic effects induced by some sulphur-containing compounds. The 
metabolism of dithiols usually involves the same pathways described for thiols. 
The oxygenated derivatives of thiols, in addition to the above-described pathways, may be detoxified 
via the well-recognised biotransformations of alcohol, aldehyde, acid and ketone functional groups 
(EFSA, 2012). However, even in the presence of oxygenated functional groups in the organosulphur 
compounds, S-oxidation is generally reported to be the major metabolic pathway. 
Subgroup V (Acyclic and cyclic disulphides) 
Disulphides may be reduced to the corresponding thiols (EFSA, 2012). Consequently, the metabolic 
options available for thiols may also be available for disulphides. Disulphides may also be oxidised to 
thiosulphinates or thiosulphonates and hydrolysed to sulphinates or sulphonates. Thiosulphonates are 
readily hydrolysed to the corresponding sulphonic acid. Chemical group 20 (CG 20) for all animal species 
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Cyclic  disulphides  may  be  metabolised  through  ring  opening  and  disulphide  reduction  with 
consecutive formation of a dithiol, and then further metabolism following the scheme suggested for 
thiols. 
Subgroup VI (Acyclic polysulphides) 
The  acyclic  polysulphides  may  react  with  endogenous  thiols  (EFSA,  2012),  such  as  reduced 
glutathione (GSH) or cysteine, forming a thiol and a hydropersulphide or perthiol (RSH + R SSH or 
R SSSH or R SxH, respectively). Compared  with thiols, perthiols may be strong reducing agents, 
reacting rapidly with oxidants to form reactive products. 
Subgroup VII (Mono, di-, tri- and polysulphides with thioacetal structure) 
The  thioacetals  and  oxy-thioacetals  may  be  subject  to  acid  hydrolysis  in  the  stomach,  similar  to 
oxygen-containing acetals (EFSA, 2012). However, thioacetals are more resistant to hydrolysis than 
oxygen-containing acetals. Thus, it is to be anticipated that these substances primarily may reach the 
intestinal lumen primarily intact and may be absorbed as such. Otherwise, the flavouring substances in 
subgroup VII are anticipated to be metabolised in the same way the cyclic sulphides in subgroup II. 
Subgroup VIII (Thioesters) 
Thioesters  are  hydrolysed  by  lipase  and  esterases  to  the  corresponding  thiocarboxylic  acids  and 
alcohols,  or  to  the thiols and  carboxylic acids  (EFSA,  2012). The rate of the  enzymatic  reaction 
increases with the length of the carboxylic acid carbon chain, whereas it is negatively affected by the 
level  of  oxygenation  of  the  thiol  moiety.  When  the  hydrolysis  products  are  carboxylic  acids  or 
alcohols, they follow the usual metabolic pathways for this kind of molecules (mainly conjugation and 
excretion), whereas the thiols undergo the above-mentioned metabolic reactions. 
S-Thioesters are rapidly hydrolysed by lipases and esterases, forming primarily the corresponding 
carboxylic acids and thiols (EFSA, 2012). The rate of hydrolysis of thioesters increases as the carbon 
chain length of the carboxylic acid fragment increases and decreases as oxygenation of the carbon 
chain in the thiol moiety increases. 
Although JECFA (WHO, 2000) concluded that all 32 flavouring substances of CG 20 evaluated were 
of no safety concern when used at current levels of estimated intake, EFSA’s CEF Panel (2010a, 2011, 
2012) raised a concern about the genotoxicity of two tertiary thiols of subgroup III (Monothiols), 8-
mercapto-p-menthan-3-one [12.038] and p-menth-1-ene-8-thiol [12.085], because 2-methylpropane-2-
thiol [12.174], which is also a tertiary thiol and belongs to subgroup III (Monothiols), reportedly tested 
positive in a mouse lymphoma assay without metabolic activation and negative in the  assay with 
metabolic activation. 
Moreover, for one substance of subgroup VI (Acyclic polysulphides), dimethyl tetrasulphide [12.116], 
EFSA’s CEF Panel (2010a, 2011, 2012) concluded that no appropriate NOAEL was available and, 
therefore, additional toxicity data are required to assess safety of this flavouring. 
The 34th substance, the flavouring substance allyl isothiocyanate [12.025] was evaluated by JECFA 
(WHO, 2006) and EFSA (2008, 2010b). Isothiocyanates are readily absorbed and distributed to all the 
main tissues in rodents, peak concentrations in the tissues being achieved two to eight hours after 
dosing (WHO, 2006). At comparable doses, there are clear sex- and species-specific differences in the 
distribution, metabolism and excretion of substituted isothiocyanates. 
Metabolic studies in humans, mice and rats indicate that isothiocyanates react readily with reduced 
glutathione (GSH) to form a conjugate as the principal metabolite and that the reaction is catalysed 
enzymatically by glutathione S-transferase enzymes and non-enzymatically (at a slower rate), both 
reactions occurring in a pH-dependent equilibrium (WHO, 2006). The isothiocyanate–GSH conjugates Chemical group 20 (CG 20) for all animal species 
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formed are subsequently excreted into bile, and corresponding N-acetylcysteine adducts appear as the 
major metabolite in urine. A key element of isothiocyanate metabolism is the highly electrophilic, 
reactive central carbon in the group, as it drives Michael addition reactions with N-, O- or S-based 
nucleophiles (e.g. GSH), giving rise to the relatively stable but reversible conjugates implicated in its 
toxicity. In humans and rats, aromatic isothiocyanates are metabolised mainly to the corresponding 
mercapturic  acid  conjugates,  which  are  subsequently  hydrolysed  to  the  corresponding  cysteine 
conjugates  as  the  major  urinary  metabolites.  The  lability  of  glutathione  conjugates  under  the 
conditions in the rodent bladder can lead to formation of unconjugated, ‘free’ isothiocyanate and GSH. 
The presence of free isothiocyanates can increase irritation of the rat bladder epithelium. In rabbits, 
mice  and  guinea-pigs,  however,  the  cysteine  conjugate  is  hydrolysed  and  then  undergoes 
transamination  and  cyclisation  to  form  a  substituted  thiazolidine-2-thione  as  the  main  urinary 
metabolite (WHO, 2006). Isothiocyanates including allyl isothiocyanate are readily cleared from rat 
and mouse tissues, so that within 24 hours after administration less than 5 % of the total dose was 
retained in tissues (EFSA, 2010b). Chemical group 20 (CG 20) for all animal species 
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LIST OF ABBREVIATIONS 
ADI  acceptable daily intake 
AFC  EFSA Scientific Panel on Food Additives, Flavourings, Processing Aids and Materials 
in Contact with Food 
ANS  EFSA Scientific Panel on Additives and Nutrient Sources added to Food 
BioWin  component program of Episuite
 TM 
bw  body weight 
CAS  Chemical Abstracts Service 
CEF  EFSA  Scientific  Panel  on  Food  Contact  Materials,  Enzymes,  Flavourings  and 
Processing Aids 
CD  Commission Decision 
CG  Chemical Group 
CDG  chemically defined group 
DMSO 
EC 
dimethylsulfoxide 
European Commission 
EC50  half-maximal effective concentration 
ECOSAR  component program of Episuite
 TM 
EFSA  European Food Safety Authority 
EPI suite  Estimation Programs Interface (EPI) Suite
TM 
EU  European Union 
EURL  European Union Reference Laboratory 
FAO  Food and Agriculture Organisation 
FEEDAP  EFSA Scientific Panel on Additives and Products or Substances used in Animal Feed 
FFAC  Feed Flavourings authorisation Consortium of FEFANA (EU Association of Specialty 
Feed Ingredients and their Mixtures) 
FGE  Food Group Evaluation 
FLAVIS  The EU Flavour Information System 
GC–MS   gas chromatography–mass spectrometry 
HACCP  Hazard Analysis and Critical Control Point 
JECFA  The Joint FAO/WHO Expert Committee on Food Additives 
Koc  organic carbon sorption constant 
LOAEL  low observed adverse effect- level 
Log Kow  logarithm of octanol–water partition coefficient 
MRL  maximum residue limit 
mbw  metabolic body weight 
MW  molecular weight 
NOAEL  no observed adverse effect level 
NTP  National Toxicology Program 
PEC  predicted environmental concentration 
SC  secondary component 
SMILES  Simplified Molecular Input Line Entry Specification 
SOL  solubility 
TTC  Threshold of Toxicological Concern 
VP  vapour pressure 
WHO  World Health Organisation 
 